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Hide, a melting curve was performed. For Ihc inciting experiment, a 
a cuvette containing 1.5 ml of hybridization buffer, and an apparatus 
in Example 2. pari B, was used. The absorbaTice signal due ro the 



n be used as probes in assaying a polyribonucleotide. Tlie experiment 
15 was carried out by adding 1 uL of a solution ofpolyfrA) <fl.0n4 A :M Units)*. 100u.Lof 
gold nanopanicles (- 1 0 nM in particles) conjugated to dT» (n 20-met oligonucleotide 




JA target by FCR is needed 
ial for en assay. The present example demonstrates that the 
be used to assay for a D.VA strand in the 



i complement (i.e., assaying for a single strand after thermal 
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and the standard protocol for this kit, wMl the exception tha; clution oflhe DNA was 
effected with 1 0 mM phosphate buffer at pH 6.5, rather than with (he hufTer provided 
with the kit. The eluanl was then cvaporeted to dryness on a Speed Vac (Savant). To this 
residue wait added 5 pL of a master mix prepared by mixing equal volumes of each of 
two solutions of two different oligonucleotide-nanoparlicle probes (see Figure 23). Each 
oligonucleolide-nanoparticle probe was prepared as described in Kxampie 3. The 
solutions of the pinhes which were combined to form the master mix were preparedby 
adding 1 0 pLof 2 M NaCl and 5 uL of oligonucleotide blocker solution (50 pmoles of 
each Blocker oligonucleotide (see Figure 23 and below) in a 0.3 M NaCl, 10 mM 
phosphate, pH 7.O., solution) to 5 uL of/uH-strength (about lOnM) nanoparticlc- 



temperahre. A small aliquot (2 uL) was spoiled on a C 1 R TLC plate and allowed to dry. 

20 A strong blue spot indicative of hybridization was obtained. 

Control tests carried out in the same manner in absence of the amplicon target 
DNA, in the absence of Probe 1 , in the absence of Probe 2, o: in the absence of the 
sodium chloride, were all negative, that is, gave a pink spot. Similarly a test carried out 
using probes 1 and 2 with a PCR amplicon derived from the Lethal Factor segment of 

25 Anthrax h place oflhe Protective Antigen Segment was negative (pink spot). These 
controls confirmed tbat both probes were essential, that sail conditions appropriate lor 
hybridization were needed, and that tile ten w» specific for the specified target 
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many purposes it would be desirable to be able 10 cany out the assay directly in the PGR 
solution without preliminary isolation of the polynucleotide products. A protocol for such 
an assay has been developed and is described below. This protocol has been performed 



GeneAmp PCR Reagent Kit with Amplitlq DKA polymerase. 

To 50 uL of the PCR. sample solution, 5 oL of a mixture of two gold 
nanoparticlc-oligonucleotide probes (O.U08 Ajio Units ofeacW was added, followed by 

5 pL of 5 M NaCI, and 2 ul . on SO in M MgCl.. This mixture was healed for 2 minutes 
at lOOt to separate the strands of (he duplex target, the tube was immersed directly in a 
cold bath (e.g.. Dry Ice'ethanol) for 2 minutes, then removed, and the solution allowed to 
thaw at rami temperature (the ireeze-thaw cycle facilitates hybridization of the probes 
with the target oligonucleotide). Finally, a few pL oflhe solution at spotted on a plate 
(e.g.. CIS RP TJ.C plate, a silica plate, a nylon membrane, etc.). As usual, blue color 
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wo 01/03164; i>c : tosoi/oiwo 



signifies the presence of the targeted nucleic acid in the PCR solution, a pinV color is 




In Ihe previous Examples, double-stranded targets were dehybridized by heating 




Tests were carried out with two different systems-- polyAipolyl) and diWdTjo - 
by adding 1 :l of a solution containing 0.8 A, M Units of Ihe target duplex in 100 jiL of 
buffer (0.1 M NaCI, 1 0 mM phosphate, pll 7.0) to 100 uL of a colloidal solulion of Au- 
soT» nanoparliule-oligonucleotide conjugate (-1 0 nM in particles; see Example 11) in 

15 0.3 M NaCI, 10 mM phosphate buffer atpH 7.0. Subsequent quick freezing by 

immersing the tube in a Dry Ice/isoptopyl alcohol bah and thawing by removing the lube 
from the bHlh and letting it stand at room temperature (22 C C), followed by spotting 3 uL 
of the solution on u CIS Trr plate, afforded a blue spot characteristic of hybridization 
and aggregation of the nanopanicles. 

20 The rationale for this teal is that the nanopaitide probes (bearing pyrimidint 

oligonucleotides in this example) bind in ascquence specific manner at purine 
oligonucleuliWpyrimidinc oligonucleotide sites along Ihe duplex large!. Since many 
binding sites are available on each double staled entity, Ilic binding leads to formation 
Of (in aggregate of nanopurticles. The results show that this assay, based on formation of 




(580) 



JP 2004-501340 A 2004. 1.15 




•J. lsled.O.iroidllnivwsily.NewYork.N.Y. 1991) with 
an Ammo-Modifier C7 CHO solid support (Okin Research) and a S'-fluoreswin 
phosphoramiiHIe (6-FAM, Glen Research) on an Expedite S909 synthesizer and were 
rsc phase HPLC. They were attached to the amine- 




prepared as described in Example 3. 

The target oligonucleotide (1-5 Hi, 3 iuM) Wfi 
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10 sensitive, its use is limited by the expense of the experimental equipment and by 
background emissions from most common substrates. In addition, the selectivity of 
labeled oligonucleotide targets for perfectly complementary probes over those with 
single-base mismatches is poor, pre venting the use of surface hybridization tests Tor 
detection of single nucleotide polymorphisms. A detection scheme which improved upon 

15 the simplicity, sensitivity and selectivity of fluorescent methods could allow the full 
poienti.1 of combinatorial seouence analysis to be realized. The present invention 

Fnr instance, oligonucleatidc-modified gold nanoparticles and unmodified DKA 
target could be hybridized to oligonucleotide probes attached to a glass substrate ir. a 

20 three-component sandwich assay (see Figures 25A-B). Note that the nanoparticles WW 
either be individual ones (see Figure 25A) or "trees" of nanoparticles (see Figure 25B). 
The "trees" increase signal sensitivity as compared to the individual nanoparticles, and 
the hybridized gold nanoparticles "trees" often can he observed with the naked eye as 
dark areas on the glass substrate. When "trees" are nut used, or to amplify the signal 

25 produced by the "trees," the hybridized gold nanoparticles can he treated with u silver 
staining solution. The "trees" accelerate the staining process, making detection of target 
nucleic acid faster as compared to individual nejiopartioles. 

The following is a descripl ion of one specific system (illustrated in Figure 2 5 A). 
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, ./. Phys. Chem. 1 996, 100, 468. As a 
result, the unique electronic and luminescent properties of these particles have been 
studied extensively (see, AliYisalos,/ Phys. Chan. IMS, 100, 13226, and references 
therein; Klein etal.. Nature 1997, 699; Kuno ct a!., J. Ottm. Phys. 1997, 106, 9869; 
Nimial ct al. Nature 1996, 383, 802), potentially paving the way for QDs to be emplc 



in diverse technologies, sue 

1997, 5837; Dabbousi et »L /fnp/. />A)«. /.at. 1995, <W. 1316) am 
biological labels (Bmchei e( al., .Wee 1998, 281, 2013; Chan ct al.. Science 1998, 24J, 
2016). However, many applications will require that the particles be arranged spatially 
10 on a surface or organized into three-dimensional materials (Vossmeyer el a!, J. Appl. 
Phys. 1998, 3664), Moreover, the ability lo organize one or more types of 
iianoparticle* into superlattice structures (Murray ct al., Science mi, in, 1335) would 
allow for the construction of completely new lypes of hybrid materials with new and 




snt CdSe QDs yield 
nixlnre of ttioctylphosphine oxide (TOPO) and 
trioctyrphosphlne (TOP). As a result, these QDs are soluble only in non-polar solvents, 
malting them difficult lo functinnalize with highly charged DNA strands by direct 

first successful modification of semiconductor nsnoparticles with single-stranded DNA. 



QDs end duplex DNA, but these studies did not make use of the sequence specific 
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binding properties of DNA lo direct the assembly of extended QD structures. Cofl 
t,\.,Appi ehys. /Ml, mi, 69, 3851;Maffiub si al.,/ Am. Chem. Soc, 1996, JM, ' 
Since [lie surface of CdSe/ZnS iueM>i!l QDs hinds organic thiols, it was c 
to modify ihcic <crn ucmrpaniel l all lliiol -militated DNA strands b 
5 substitution reaction. The lack nrwater solubility of these QDs, though, hindered 



capsulation of (he core/shell structures with a silica layer (Bmch« « al , 
18. 2S1, 2013), while the other utilizes mercapluucetic acid both to stabilize 
ce 1998, 28J,W\6). Tile 
procedure described in this example, which produces remarkably stable colloid under 
DNA hybridization conditions, utilizes 3-nl«eantr>pror>ionic acid to passivate the QD 

An excess of 3-mercaptopropioric acid (O.lOmL, 1.15 mmol; Aldrich) was added 
15 by syringe to a suspension of -20 ing of TOP/TOPO stabilized CdSc/ZllS QDs (prepared 
as described in Htaes. el al., J. Fhy,. Cham. 19VS, IW, 468) in 1.0 mL of N,N,-dirncthyl 
fonnamide (DM1-; Aldric):) generating a clear, dark orange solution containing 3- 
:cd quickly. For 

panicles were stored at room temperature in DMF. 

However, to characterize the QDs, a portion of the sample was puriBeu by 

centrifuged (4 hours at 30,0110 rpro). and the supernatant was rercoved. The remaining 
solution was washed with -0.3 mL of DMF and rccenlri fuged. This step was repealed 
two additional limes before recording Bic FTIR spectrum . FTIR {polyethylene card, 
3M): 17 10 cm" 1 (J), 1472 cm" 1 (m). !27Scm"' (w), 1189 cm*' (m), 1045 cm'' (w).l)93cm" 
1 (m), 9*6 cm -1 (w), 776 cm ' (in), «7 1 em* (m). Unlike the TOP/TOPO s:abilized native 
QDs, the 3-rhercaptopropionic acid modified QDs exhibited a characteristic v c0 hand al 
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To attach oligonucleotides to QDs, I JO ill. [optical density at 530 nm= 21.4) of a 
tion of the 3-meicaptopropionic acid firoctiomilUral particles in DMF woe added to a 
tion of DMAP (8.0 mg, 0.065 nunol) in 0.4 mL of DMF. An orange precipitate was 



Precipitate (dissolved in water) was thawcteriied by IS spectroscopy (polyethylene cord, 
3M). K {cm ')- 1647 (m). 1559 (a), Mffl (in), 12S4 (w), 719 (w),47S (s). After standing 
for 12 hours, the oligonncleotide-coniai,>inn solution was brought to 0.15 M NeCI, and 
the particles were aged for an additional 12 hours. The 



Oligomiclcotidc-QD conjugates prepared in rhis manner . 



m. Sac. 1993, IIS, 8700). 



S. One was modified with a 22raer. comprised of apropyithiol ibnioMlity 
a 12mcr capture sequence, and an intervening 1 0 base (all A) spacer: 5 - 



(588) 



JP 2004-501340 A 2004. 1.15 



TCTCAACU'CCiTAAj3-(CH2)_»-iiH [SEQ JO NO: 46). The oli.tr employed a .V- 



ODssf»0.224 (md 0.206, respectively) were mixed and then combined with 6|i 
praol) of a solution of a complementary linking 24mer sequence (5'- 
TACOAGTTGAOAATCCT-GAATGCCi-y, SKJ ID NO: 48), QD uss 

mixture was froMpn (-78> C) arid Ihen allowed to vtinti slowly to room temperature. 

Tlie clusters generated were not large enough to settle nut of solution. However, 
they could be separated by caitn'fugalion at relatively low speeds ( 1 0,000 RPM for 1 0 
mis), as compared with the unlinked particles (30.000 KPM for 2-3 hours). 

The decrease in fluorescence upon hybridization was determined by integration of 



of of 3' 

propylthiol-terminatcdDNA-modified particles (30 pL, optical density at 520 ran = 
0.224) was combined with a solution of 5' hexylftioi-icroiiuatcd DNA-orodificd QDs (30 
20 mU optical density at 530 ran - 0.206) in an Eppetdorf centrifuge lube, and then diluted 
with 140 pL of PBS. The mixture wns Ihen split into two equal portions, and 
ry "linker" DKA (3 ML, 30 pmol) was added to one, while non- 
y "linker- 13NA ( 5'-CTAC I I AGA TCC'CJAG I GCCCACA 1 -3'. ShQ ID 




(589) 



JP 2004-501340 A 2004. 1. 15 




(590) 



JP 2004-501340 A 2004. 1.15 



effect whereby particles in the interiors of «he assemblies arc prevented from absorbing 
light by the surrounding QDs. 

D Preparation Of QDfQold Assemblies 



hybrid assemblies, a solution of -17 nM 3'-bexyllhiol-modifie<l 13 nm gold rianoparliclcs 
(30 1»L, ~5 fmol: prepared us described in Example 3) was mixed with a solution of5'- 
hjaylthiol-ientiinated DNA.modi(icd QDs (15 uL. optical density at 530 nm = 0.20C) to 
e. "Linker" DNA. (S pL, 50 pmol) was added, mnl the 



min at 3,000 rpmjani 
pLof PBS and reconrriniged. 

For "melting" analysis, the washed precipitate was suspended in 0.7 mLoiTBS. 
UV-Visspc 
Uicgoldna. 

Using the surface planwn res 
sensitive probe with which to monitor hybridisation than docs the UV-Vis spectroscopic 
signature of the QDs alone. Therefore, o "melling" expetiment can be performed on a 
much smaller sample (-10% of She QD solution is needed), although the intensity of (lie 
plasmon ban* obscures the UV/Vis signal from die QDs. Similar to die pure QD system 
described above, a sharp (FWHM of the first derivative - 4.5'C) melting transition 
occurred at 58°C (see Figure 27D). 

High resolution TEM images of these assemblies showed a network of gold 
nanoparlicles interconnected by multiple. QDs, Figure 27C. The QDs, which have > 
much lower contrast ill the TEM image than gold nanoparlicles, can be identified by their 
lattice fringes. They are just barely resolvable with the high resolution TEM. but clearly 
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immobilization ofDNA onto QD surfaces bas been achieved and that these particles car 
now be used in combination with DKA under hybridization conditions. Using DNA- 
tunclioiiaiized QDs, the fust DNA-directed formation of QD and mixed gold'QD 

semiconductor QDs with DNA lias significant implications for materials research, and tl 
door is now open for more extensive inquiries into tlic luminescent, electronic, and 
chemical properties of these unique building blocks as they lire incorporated into new hi 



Example 1 8: Methods of Synthesizing Oligonucleotide-Nauoparticle 



HAuCI.-.A>3HjO and Irisodium citrate were purchased from AJ 

layer were purchased from Silicon Quest International, Santa Clara, C, 
modifier C6-phosphoramidite reagent, 3'-propylthioI modifier CPG, ill 
phosphoramtdite, and other reagents required for oligonucleotide Synth 



\. Alloli 

ledDNAsyt 



25 il** C «r ». i v C ford University Press, New 

York, 1991). Oligonucleotides containing only J'hcxylthiol modlBculions were prepared 
as described in Example 1 . 5-(antl 6)-cnAoxyfliioresceil), suceinimidyl ester was 
purchased from Molecular Probes, Eugene, OR. NAM columns (Sephadex G-25 
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Medium, DNA grade) were purchased from Pharmacia Biotech. Nanopure H;0 (>1S.0 
MO), purified using a Rnmslead NANOpure ultrapure water system, was used for all 
experiments. An F.ppranlnrf 54liC nr a H 




led Oligonu cleotides 
Thiol-modified oligonucleotide strands containing either 12 nr 32 bases, with 5' 
hexyithiol and 3' fluorescein moieties, were prepared. Tlio sequence of the 12n;er (S12F) 
was HS(CHjV- T -CGC-An-CAG-GAT-3'-(CH2)s-F [SEQ ID NO;50), and the 32mer 

sequence to the 5' end [SEQ ID NO:51 }. The thiol-modified oligonucleotides were 
prepared as described iu Storlioffet a]., /. Am. Chem.Soc. I2»:l95!M9<i4 (1998). An 
amino-mndifier C7 CPC. solid support was used in automated synthesis, and the 5' 

previously. The 3' amino, 5' trilyl-proiecled thiol modified oligonucleotides were purified 
by reverse-phase IIPT.C using an H!> ODS Hypcrsil column (5 mm, 230 it 4 mm) with 
0.03 M Iriethyl ammonium acetate (TEAA), pH 7 and a 1% .' minute gradient of 95% 
OH 3 CN / 5% 0.03 M TEAA a! a flow rate of 1 mLAmn, while monitoring the UV signal 
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of DNA at 254 rail The retention limes of die 5'-S-lrityl, 3' amino modified 12-baseand 
32-basc oligonucleotides were 36 and 32 minutes respectively. 

The lyophilizcd product was redispcrsed in 1 ml of 0.1 M NaiCO, tmd, while 

slitting ill the dark. '.00 uL of 10 mg/ml succinimidyl ester of fluorescein (5,6 FAM-SE, 
5 Molecular Probes) in dry DMF was added over 1,5 tours according to the directions of 
the manufacturer (Molecular Probes literature). The solution was stirred at room 
temperature for an additional 15 hours, then precipitated from 100% ethanol at -20 'C. 

, r was lecteti by cenli iftigEl 1 li - 1 r HjO and the coupled 

product separated from unreacled ammo-terminated oligonucleotide by ion-exchange 
10 1IPLC. A Dionex Nucleopac PA- 1 00 column (250 X 4 ran) was operated with 10 mM 
NaOH aqueous eluent and a 1% / minute gradient of 1 M NaCl'iOmM NaOH at a flow 
rate of 0.8 rnLAnimne. Retention times of 5'-S-lrityl, 3' fluorescein modilied 12mer and 

by reverse-phasa HPLC. Removal of the Irityl proleclion group of the llunrescein- 
1 5 terminated, trilyloligonuolenlide was performed using silver nitrate and dilhiothreitol 
(T>TT) ax previously described (Slorhoff ct al., ./. ^/ji. Chem.Soc. 1Z0:1959-1964 
(1998)). The yield and purity of the oligonucleotides were assessed using the techniques 
previously described for altcylthiol oligonucleotides (StorhofT et a), J. Am. Chen, Sac. 
1 20: 1959- 1 964 (1 998)). Oligonucleotides were used immediately after detritylation of 
20 the thiol group. 

Thiol-modified oligonucleotides containing 32 bases, with 3' propylthiol and 5' 
fluorescein moieties (HSCCHilj-.T-tWj^TAC.-GAC-TTA-CGC-S'-tCH.VF. W= A or T) 
(SEO IB NO:52] were synthesized on an automated synthesizer using 3' thiol rnodiaer 
OPG. The 5' terminus of each oligonucleotide was coupled manually to fluorescein 

by ion exchange HPLC (1% ' min gradient of I M NaCl, 1 0 mM NaOH; retention time 
(RJ> ~ 48 min (W - T), Rt - 29 mitt (W - A)). After purification, the oligonucleotide 
solutions were desalted by reverse phase HPLC. The 3' thiol moieties wax: deprotected 
120 



(594) 



JP 2004-501340 A 2004. 1.15 




ig graphics software (ImageTool). The 
Calypical panicle preparation was I5.7±i.2nm. Assumes spherical 
to thai of bulk gold (19.30 g'ctn 1 ), an average 
Jar weight per particle was calculated {2.4 x 10' g'mol). The atomic gold 
(ration in .solution of gM 
(inductively coupled plasmon ato 
standard solution (Aldrich) was u« 
concentration ill tile particle solution to • 
analysis yielded the molar concentration of gold particles i.. « give.-, preparation, typically 
~ 1 0 nM. By measuring the UV-vis absorbance of nannparticle solutions at the surface 
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Silicon supported gold thin films were immersed in deposition solutions of 
deprotected alkylthio! modified oligonucleotides for equal times and buffer conditions as 
tor the gold nanoparticles. Hollowing oligonucleotide deposition, the 



side i Iv J 



of Alkvlttnol-Oligonucleotides Lo 



les or thin Elms in 0.3 M PBS, to displace the 



onlaining displaced oligonucleotides were separated from the gflld by either 
ion of the goM nanoparticles, or by removal of the gold thin dm. Aliquots of 



alkyilhio) modified oligonucleotide by interpolation from a slauuard linear cal 



number of oligonucleotides perparllclu was obtaincdhydiv d ng the measured 
oligonucleotide molar concentration by the original Au nanoparlicle concentration 
Normalized surface coverage values were then calculated by dividing by the eslim 



123 
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Target Surface Density. 




oligonucleotide, 0.3 M PBS, pH 7, 24 hr). Non-hybridized oli 
removed from the gold by rinsing twice with buffered saline as described above. Then, 
the nuoraphore-labeled oligonucleotides wee dehybridittcd by addition of NaOH (final 
concentration ~ 50 mM, pH 1 1-12, 4 hr). Following separation of the solution containing 
theU'Ffrc 



Citrate sliibiliod gold nai 
modified ilkyithiol DNA (HS-CCHjVS'-CCC-ATT-CAC.OAT-tCHJvF iSKQ ID 
NO:50]). Surface coverage studies were then performed by thoroughly rinsing away 
nou-chemisorbed oligonucleotides, followed by removal of the fhiorophore-iaheled 
oligonucleotides from the gold surface, and quantitation of oligonucleotide cot 
using fluorescence spectroscopy (as described above). 

jenjoval of gold uanoparticles fro 
data hy fluorescence for several reasons. First, the fluorescence signal of labeled, surface 
bound DNA is efficien 



oligonucleotide in solution is washed away. Second, Die 
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significant amount of light between zgo ran unci S30 nm, so tt 

during fluorescence measurements ac;s as a filter and diminishes tile avr 
energy, as well as tlie intensity of emitted radiation. The gold surface plasmon band at 



Mercaptoellituiol (ME) was used to rapidly displace the surface bound 

periods of time prior to cetltrifugauon ana fluorescence measurements. The intensity of 
tluorcsccncc associated with the solution free of rumopurricles can be used lu determine 
how much oligonucleotide was released from file nanoparticlea. Tlie amount of 

(Frgiire 29), which is indicative of complete oligonucleotide displacement. The 
dispiacemem reaction was rapid, which is presumably due to the inability of the 
oligonucleotide film to block access of the ME to the gold surface (Biebuyck ct al. 

The average oligonucleotide surface coverage of nlkylihiol-modified 12mer 
oligonucleotide (S12F) on gold nanoparticlcs was 34 + 1 pmol/cm ! (average often 
independent measurements of tlie sample.) For 15.7 = 1.2 nm diameter particles, this 
i roughly 159 thiol-boimd I2mer strands per gold particle. Despite alight 



In order to verify thai ibis mclhod is useful for obtaining aa 
surface coverages, it was used to displace noiirophore-laticled oligonucleotides from gold 
thin films, and the surface coverage data was compared with experiments aimed at 
gelling similar information but with different lecimitiues. In these experiments, gold thin 
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electrochemistry or surface plasmon resonance spectroscopy (SPRS) (Steel et al., Anal. 
Chetn. 70:4670-4677 (199S)). Differences in surface coverages are expected due to 
different oligonucleotide sequences and lengths, as well as fltai preparation methods. 

The extent ofltybridization oi'complemcnlury fluoropnore-labeled 
oligonucleotides (1 2F) to nanaparlicles with surface-bound 12mer oligonucleotides was 
measured as described above. Briefly, S 1 2F fluidified nauejiai-lielcs were exposed to 
121" at a concentration of 3 uM for 24 hours under hybridizalion conditions (0.3 M PBS, 
pH 7) and then rinsed extensively with buffer solution. Agam, it was necessary to 
remove the hybridized strands from the gold before measuring fluorescence. This was 
accomplished by demurring the duple* DNA io u high pH solution (NaOH, pH 1 1) 
followed by cenrrifugation. Hybridized 12'F amounted to 1 .3 ± 0.2 pmoL'cm' 
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Win hybridization reported fot mixed base 25mer on an gold electrode {2-6 pmol/cnV) 
(Steel et til., Ami. Cheni 70:4670-4677 (1998)). 

Surface coverages and hybridization values of the S12F/12F' system for both 
nanopartides and Ibin films arc summarized in l abile 7. The most sinking result is the 
5 low hybridization efficiency (- 4 % of surface-bound slramls on nanoparticles while 33 
% of strands on thin films hybridize). Previous snidies have shown similarly low 




1 5 Oligonucleotides (32mer) were synthesized having a 20 dA spacer sequence inserted 

between the alltylthiol group and the original 12 base recognition sequence. This strategy 
was chosen based on the assumption that: 1) bases near the nanoparticlc surface are 



roughly spherical particle, Umer sequences attached to the end of 20ruer spacer units 
roughly perpendicular to the surface (Levielcy et al„ J. Am. Chen:. Soc. 120:9787-9792 
(1998)) will lead to a film with a greater free volumo as compared with a film formed 
from Iho same 12mer directly bound to the surface. 

While the surface density of sinele-slranded SA,j12F strands (1 5 ± 4 pmoW) 
was lower than that of SI 2F (34 ± 1 prnolW), the particles modified with a 32-mer 
using the identical surface modification showed comparable stability compared to tiosc 
modified wiOl 12-mer. As anticipated, the hybridization efficiency of the $A»12P/)2F' 
system (6.6 ± 0.2 ptnol/W, 44%) was increased to approximately 1 0 times thai of the 
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In order lo examine bow the sequence oflhe spi 

pacers inserted between a 3' propyllhiol and the f 
; prepared. The most notable result of surface coverage and liybri 
iparticles modified with S3T M 12F and S3'A JC 12F is the grca:er si 



(24 ± 1 pmol/cm '). The number olliybridried strands was comparable, although tie 
percentage of surface bound strands which hybridized wa 
ninoparticlcs (79 %)than the SAm12 nai 
dT rich oligonucleotide strands iraeracl ooti-tnccifically wli 
lessor degree Ihun dA rich oligonucleotide sttands. Consequently, 20d' 




if adjusting the total number of 
rplished by adjusting the surface density 
coiidsorbed diluent alkvtthiols such 




(603) 



JP 2004-501340 A 2004. 1. 15 




(604) 



JP 2004-501340 A 2004. 1. 15 




131 



(605) 



JP 2004-501340 A 2004. 1.15 




(606) 



JP 2004-501340 A 2004. 1.15 




(607) 



JP 2004-501340 A 2004. 1. 15 



cobybridlzed to these substrates (see Figure 32). Therefore, the presence of nanoparucles 
at the surface indicated lite detection of a particular 30-base sequence. Al high target 
: 1 nM), the higll density of hybridized oanopaniclcs on the surface 
iee Figure 33). At lower target concentrations, 
be visualized with the naked eye (although they could be 
jn microscopy). In onlur to fuciliime the 
visualization of nanoparticlcs hybridized to the substrate surface, n signal amplification 
method in which silver ions are catolylicully reduced by hydroquinono to form silver 

enlargement uf protein- and antibody-conjugated gold nanoparticles in histochemical 
microscopy studies (Hacker, in Colloutal Gold: Principles, Methods, ami Applications, 
M. A. lluyal, Fd. (Academic Press, San Diego, 1989), vol. 1, chap. 10; ZcJtbc ct al.,An. 
J. Pathol. 150, 1 553 (1997)) its use in quantitative DNA hybridization assays is novel 
(Tomhnson et al.. Anal. Blochm., 1 71 :2 1 7 (1 9S8)). Not only did this method allow vety 
low surface coverages of r.anopaniclc probes to be visualized by a simple flatbed scanner 
or the naked eye (Figure 33), it also permitted quantification of target hybridization based 
on the optical density of the stained area (Figure 34). Significantly, in the absence ofthe 
target, or in the presence of noncoilipteinentary target, no staining of the surface was 

■s. This res 



selectivity of combinatorial oligonucleotide arrays (or "gene chips") (1'odoc, Science 277, 
393 (1997)). The relative ratio of target hybridized lo different elements of an 
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sequence; this ratio is dependent upon the hybridization properties of Ac duplex formed 
between different capture strands and the DNA. target. Remarkably, these hybridization 
properties arc dramatically improved by the use of nanopanicle labels instead of 
fluorophore labels. As shown in I'igtire 35, lire dehybridizalion nrnaiwpaniclc-labeled 

5 targets from surface-bound capture strands was much more sensitive to temperature than 
that offluorophore-lubeled targets with identical sequences. While the fluorophorc- 
labeled targets dehybridized from surface capture strands over 0 very broad temperature 
range (first tlerivalive FWHM = 16 e C), identical nanonarticle-Iabeled targets molted 
much more sharply (first derivative FWHM - 3 «Q. It was anticipated that these 

1 0 sharpened dissociation profiles would improve the stringency of chip-bused sequence 
analysis, which is usually effected by a post-hybridization stringency wash. Indeed, the 
ratio of target hybridized to complementary surface probes to that hybridized to 
mismatched probes arte a stringency wash al a specific temperature (represented by the 

15 labels. This should translate to higher selectivity in chip detection formats. In addition, 



In order to evaluate the effectiveness of nanoparticles as colorinietric indicator. 



were fabricated according to published protocols (Guo et al., ,V«d. Acids Res., 22:5456 
(1994); arrays of 175 vim 

Gcncln: Microsystems 417 MicroKnayer). An-nyy c.n 
to the each of" the four possible nucleotides (N) at position S of the target (see Figure 32). 
The synthetic target sou 



stringency buffer wash at 35 °C. First, 20 llL of a 1 nM solution of synthetic target in 2 
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X PBS (0.3 M NaCI, 10 mM NaHiPO,/N3..HPO., buffer, pH 7) was hybridized to the 
array for 4 hours al room temperature in a hybridization chamber (Grace Bio-Labs Cover 
Well PC20), and then washed at 35°C with clean 2 X PBS buffer. Next, 20 uL of a 100 
pM solution of ollgonucleotide-fuoctiwwluwd gold nauoparticles in 2 X PBS was 
hybridized to the array for 4 bonis at room temperature in a fresh hybridization chamber. 
The array was washed ut 3S"C with otean 2 X PBS, then twice with 2 X PBN (0.3 M 
NeNO,. 10 mM NaHiPCVNaiHPOi buffer, pH 7). Then, the nanoparticlc arrays were 
immersed in a silver amplification solution (Sigma Chemical, Silver Enhancer Solution) 
for 5 rrin and washed with water. Silver amplification darkened the array elements 



Arrays challenged with the model target and nanoparticle-labcled probes and 
stained with the silver solution clearly exhibited highly selective hybridization le 
complementary array elements (Figure 36A). Redundant spots of the same capture 
sequence showed reproducible and consistent hybridization signal. Mo background 
adsorption by nanoparticles or silver stBin was observed; the imago grayscale value 
reported by the flatbed scanner is the some as that observed for a clear microscope slide. 
The darker spots corresponding to adenine at position 8 (N-A) indicate that 
oligonucleotide target hybridized preferentially to perfectly complementary capture 
strands over mismatched ones, by a greater than 3:1 ratio. In addition, integrated 
grayscale values for each set of spots follows the predicted stability of the Watson-Crick 
base pairs, A:'] > G:T > C:T > T:T (Allawi et al.. Biochemistry 36, 105SI , (IvSgft. 




(610) 



JP 2004-501340 A 2004. 1.15 




I37 



(611) 



JP 2004-501340 A 2004. 1. 15 




»>. Sa:. 1 1 8: 1 1 48 (1996); Freeman « al., 
Science 267:1629 (1995); Schmid el nl.,/i»«eiv. Opcm. /nr. Ed. Engl 39:181 (2000); 
Marinakos el al, Chem. Mala: 10:1214 (1998)) or nolyeiectrolyles (Stoihoffct al, J. 
10 4». C»«». Sue. 120:1959 (1998); Slorhoffet il.J. Cluster Sci. 4:179 (1997); Elghanian 
el Hi., Science 277:1078 (1997); Mirkin et al.. Nature 382:607 (1990)) can be used 10 
controllehly construct mono- and roultilaycred tumoparticlo materials olTof planar 
substrates. The attractive feature oriuing UNA as a nanopanicle interconnect is that one 
can synthetically program interparticle distances, particle periodicities, and particle 
15 compositions through choice of UNA sequence. Moreover, one can utilize the reversible 
binding properties of oligonucleotides to ensure Ibe formation of themvodyaoaroic rather 
than Mnciic structures. In addition to providing a new and powerful nielhod for 
controlling the growth of nanoparticle-based architectures from solid substrates, this 

i evaluate the relationship botween nanopanicle aggregate sr/e 
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yield nanoparricles a and b, respectively (see Figure 37). Glass slides were 



nanoparticle layers, lie substrates were first immersed in a 10 nM solution of 24-mer 

;5'-TACUAG'ITGAGAATCCTGAATGCG-3' [SEQ ID KO:60]) and allowed t 




previous one by linker 3. In the absence of linker, or in the presence of 
noncoropleiuentary oligonucleotide, no hybridization of nanoparlicles to (he surface was 
observed. In addition, multilayer assembly was only observed under conditions which 
promoted the hybridization of the DKA linkers: neutral pH, moderate salt 
15 <>0.05MN»Cl),aii 



and after ten hybridized layers, the supporting glass slide appeared reflective and gold in 
color. Transmission UV-vis spectroscopy of the substrate was used to monitor the 
successive hybridization of nauoparticle layers to the surface, Figure 3SA. The low 




vc application, figure 38B. T 
by Odd-emission scanning electron microscope (FE-SEM) images of one (Figure 39A) 
and two (Figure 39B) nanoparticle layers on a surface, which show low nanopanicle 
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coverage with one layer, but near complete coverage with two layers. The ).„„, (if the 
m, even after 5 
tal(Grabarelal.,./. 

Am. Chm. Soc. 118:1 1 48 (1096)) and theoretical (QuiMen el a]., So/ 5ci. '.12,557 
0986); Yang et al., J. Chan. Phys. 103:869 (1995)) treatments of gold nanoparticle 
aggregates. However, the magnlmch of the shift is small compared to that previously 
observed for suspensions of oligouucleotide-linked goMnunoparticle networks, which 
show >.™, > 570 nm (see previous esaroples). This suggests that many more linked 
nanopariicles — perhaps hundreds or thousands — arc required to produce the dramatic 
color change from red to blue observed for gold nanopanicle-bascd oligonucleotide 
probes. (Stoihoff et al„ J. Am. diem. Soc. 120:1959 (199S); Storht.lT 81 al, J. Clumr Sci. 
8: 1 79 (1997); Elghanian ei al„ Science 277: !078 (1997); Mirkic et al., Naiurc 382:607 
(1996).). Surface plasmon shUis tor aggregated gold nacoparticles have been shown to 
be highly dependent on intcrparlicle distance (Quinten et al.. Surf. Set. 172:557 (1986); 
Storhoff et al„ J. Am. Otem. Sac., m press), and the large distances provided by 
oligonucleotide linkers (8.2 nm for this system)) significantly reduce the progressive 
effect of nanoparticle aggregation on the gold surface plasmon band. 

The dissociation properties of She assembled nanoparticte multilayers were highly 
dependent upon the number of layers. When the mulliluyer-comed substrates were 
suspended ill buffer solution and the temperature raised above the T r . of the linking 
oligonucleotides (53'C), the nanopariicles dissociated into solution, leaving behind a 
colorless glass surface. Increasing or decreasing the pH (>1 1 or <3) or decreasing the 

nanopnrtielw by rlehybridizing the linking UNA. The multilayer assembly was fully 
reversible, and noiioparticlos could be hybridized to, and dchybridized from, the glass 
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above Lie r„ of tee linking oli 
on tlresizeof Ihe supported aggregate, Figure 39D-F. Surprisingly, tin dissociation of 
Ihe first nanopa:iivle layer from the substrate exhibited a transition (Figure 39D, FWHM 
of the Orst derivative = 5 "C) that was sharper than that of the same oligonucleotides 
without nanopanicles in solution. Figure 39C. As more r.anoparlicle layers were 
hybridized to the substrate, the melting transition of the oligonuclcotidc-linked 
nanopanicles became successively sharper (Figure 39B-F, FWHM of the first derivative 

solution, (flittins et al„ Adv. Mater. 11:737 (1999); Brust et al., Langmuir 14:5425 
(199R)). These experiments confirm that more than two nanopanicles and multiple DNA 
interconnects are required to obtain the optimally sharp melting curves. They also show 
that the optica! changes in this system are completely decoupled from the melting 




:t the past five years. (Kelley et al., &f«K* 283:375-38 1 
.•3:201 -209 (1998); Lewis el al., JRIC 3:2 1 5-221 (1998); Ratner, 
[1999); Okahala et |L, J. Am. Chun. Soc. 110:6165-6166 U998)) 
im that DNA. is able to efficiently transport electrons, while others believe it to 



In a seemingly disparate field of study, a great deal of 
trunining the electrical properties of nanopaniclc-bascd materials. (Tenill el al„ / Am. 
Trail. Stir. 1 17:12537- 1 2548 (!995); Brust ct al.. Adv. Mater. 7:795-797 (1995); Bcfficll 
tal.,J. FAccmmd. Chem. 409:137-143 (1996); Musick el al., Chcm. Mala-. 9:1499- 
501 (1 997); Brust et al„ longmAr 14:5425-5429 (1998); Collier el al, 5>,V»l« 
77:1978 1981 (1997)). indeed, mmy groups have explored ways to assemble 
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For the first lime, in this sludv, the electrical properties of gold iianoparticle 
assemblies, formed with different length D> 
shown below, these hybrid inorganic assemblies bel 





(3' SH (CH^jOtPO^O-ATGCrCAACTCT S' ;SF.Q TO NO:591) and 1 (5 1 SH 
(CH*0(CO ! ')0-COCATrCAGGAT 3' [SEQ ID NO:50j) as described in Exuropla I 
and 3. DNA strands with lengths of 24, 48, or 72 bases (3 
(5'TACOAGTTGA GA ATCXrTGAA 1 GCG3 1 [SEQ IT) NO:60J), 4 
(S'TACGAOTTOAGACCGTl'AAGACGAGGCAATC-ATGCAATCCTGAATGCO 
3'[SEQK>NO:61]),andS 

(5TACGAGTTGAGACCGTTAAGACGAGCCAATCATGCATATATTGGACGCTTT 
142 
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ACGCACAACATCCTCAATGCG3'(SEQ ID NO:62]) were used as linkers. Fillers 6 
[3'GGCAATTCTOCTCCUn AOTACOT5 (SEQ ID NO:63]) and 7 
(S'GC^.'V.ATTCTGCaXGTTAOTACGTA'rATAACCTCCGAAATOCCTOTTOi' 
|SEQ ID NO:64)) were used wilh Ore 48 and 72 base linkers. Tire DNA-modified 

Us and DNA linkers and fillers were stored in 0.3 M NaCl, 10 mM phosphate 
1.3 M PBS) prior lo use. To construct nanoparticle 
!S, 1 -modified gold nanoparticles (652 pi, 9.7 nM) and 2-modified gold 
les (652 til, 9.7 nM) were added to linker DNA 3, 4, or 5 (30 ul. 10 nM). After 
■ashed wilh 0.3 M CHjCOONH, solution to 



Frens method, (Ikbs, .\almv Phys. ScL 241:20-22(1973)) were dried as 
a film and used for comparison purposes. The resulting dried aggregates had a color 
resembling tarnished brass and were very iriitte. FE-SEM images demonstrated that 

melting properties; healing such a dispersion lu 60 °C resulted in debyhri<u>.«tion of the 
DNA interconnects, yielding a red solution of dispersed r.anopardeles. This combined 
wilh the FE-SiiM data conclusively demonstrated that DMA-modified sold nanoparticles 



iec of the three samples (dried aggregates linked by 3, 4, 
and S, respectively) were measured using a computer-controlled, four-probe technique. 
Electrical contacts consisted of fine gold wires (25 and 60 (tm diameter) attached to 
pellets with gold paste. Samples were cooled in a moderate vacuum (10 J to 10 J torv), 

pressure of helium gas. The sample chamber was insulated from light in order to 
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dilliinne-4,5-diol were known 10 form monolayers on gold surfaces (NlKZO, et >1„ J. Am. 
Chan. Soc. 1 05,4481-4483) and a cyclic disulfide would plausibly bind to tbc surface 
oms (Ulman, A., MRS Bulletin, June 46-5 1) to give a chelate 
tfcibit enhanced stability. Epiandrosterone was selected as a linking 
Mdily available, eusily derivatized keloslcohol and, as a substituent 
with a large hydrophobic surface, might he expected to help screen the approach of water 
soluble molecules to the gold surface (Letsinger, el al., J, Am. Cheai. Soc. 1 15, 7535- 
7536 Bioconjugalo Client. 9, 826-830). 

The oligomKlcoude-gold probes used in previous studies were prepared by the 
reaction of oligonucleotides being terminal mercaptohcxyl groups with gold 
nanoparticles in an aqueous buffer. They proved to bo surprisingly robust, functioning 
well even after heating to 1 (WC or after storing for 3 years at 5 'C. We have found, 
however, that these conjugates lose activity as hybridization probes when snaked in 



in solution contain! 
hreitol(DTT)asas 
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r.d the reside taken up in ethyl 



afforded a white powder, mp 1 10-1 12 "C; : H NMR, 5 3.6 (1H, C s OH), 3.54-3.30 (2H, m 
20CH of the dithianorag), 3.2-3.0 (4H, rtl 2CJljS). 2.1-0.7 (29H, m steroid H); mass 
spectrum CBS*) calcd for ChHisOiSj <M+H) 425.2179, found 425.2151. Anal. 
(ChH^OjS^S; cilcd, 15.12; found, 15.26. 



Compound lit (1011 ru*) was dissolved in THF (3 mL) and cooled in a dry Ice 
liol bath. N,K-diisopropyIethylaraine (SO uL) and f5. cyanoelhyl 



washed with 5% aq. NaHC'O, and with w» 

to dryness. The residue was lalcen up in the mini 
ne, precipitated at -70 "C by addition gftauuw 
yield 100 ms; "fKMR 146.02. 



5--Modified oliBonucleoUdes fcl and Ic2 were constructed on CPti supports 
\ conventional phosphoramidito chemistry, except that compound lb (Figure 42) was 



edNHjOHfot 16 hat 55 
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mL/min. A nice feulure often hydrophobic steroid group is that the capped derivatives 



lire used for anchoring oligonucleotides lljough n 

ic. 120, 1959-1964). 
irticles (~ 13 nut In diameter) for 56 hours 




To evaluate the utility of itatwpartlele-oUgonucleotide probes containing the 
disulfide-steroid anchorwe prepared probes Icl, Ic2, llcl, IIc2, and Hid by 
immobilizing the modified oligonucleotides on gold nanopanicles (Figure 2). The 
oligomers in a given series have the sarce nucleotide sequence but differ in : 
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oanoparticle. Hybridization of pairs of nanoparticle probes with target aligonuclcotides 

gray (Mucic, R. C„ St al., J. Am. Chem. Soc. 1 20, 12674-12075). 

Hybridization oftlte probes wos extimined usina a 79-mer oligonucleotide 
targets, containing sequences complementary to the probes (Figure 43). The reactions 
were carried out al room temperature by adding I uL of the target solution (10 pmol of 
IV> to colloidal solutions nf the probe pairs 1c), Ic2,andlfcl and Ilc2, and lllci andllc2 
(50 pL and 1 .0 A S2I) Unit of each nanopartick probe) in 0.5 M NaCI, 1 0 mM phosphate 
(pH 7.0). Al times 10 seconds, S minutes, and 10 minutes, aSqima fl pL.) were removed 
and spotted on a C-l 8 reversed phase TLC plate. The various probe pairs all behaved the 
same; the spots for the 10 second reactions were red, indicative of free nanopartides; 
those for the 10 minute reactions were deep blue-gray, characteristic of aggregates of 
nanoparticlcs; and the 5 minule reactions afforded spots with a reddish blue color, 
indicative of a mixture of non-associated and associated nauoparticles. in agreement 

oligonucleotides (Slorhofi, J. ]., et al., J. Am. Cbem. Soe. 120, 1959-1904; F.lghanian, a 
al., Science, 277, 1078-10S1; Mucic, R. C, el al., J. Am. Chem. Soc. 120, 12674-12675; 
Mitchell, G. P, J. Am. Chem. Soc. 121, 5:22-8123), the reactions were reversible. Thus, 
warming the aggregate mixture to 90 K (above the disraclstion temperature fi» the 

nd spotting while hot afforded a red spot. 



We conclude tbst the nartoparticle conjugates generated via Ihe swraid-d-aufide 
anchor funotion effectively as hybridisation probes. Moreover, as judged by the spot test, 

istent with expectations for probes having 
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As demonstra;ed with experiments with nanopsrticlcs bearing 



oligonucleotides bound at the gold surface (Mueic. R. C, Synthetic 
Programmable Nanopartictc Assembly Using DNA, PhD Thesis, NorthwM 



NaOH disassembles the aggregates. 

We have used this color to monitor the reaction of DTT with probes prepared with 
the steroid cyclic disulfide, the mercaptohexyl. and the acyclic disulfide head groups. 
The experiments were carried out by adding 1 uL of 1M BIT in water to 100 pj. uf the 
nanoparticlc-oligonuclcotidc probe solution (2 A. M Units of nunoparticles) in 0.5 M XaCI 
and 10 mM phosphate (pH 7.0), then snorting 3 uL aliquols on a TI C plate at various 

oligonucleotides with the wercaptohexy! (llcl and IIc2) and acyclic oligonucleotide 
headgroups (Mci) reacted rapidly. A red-blue spot was obtained in 20 seconds and a 
strong blue spot within 5 minutes. By 1 00 minutes, most of the gold had precipitated. In 
contrast, no color change was observed for the reaction of the probes prepared with the 
sreroid-oyclic disulfide head group (Id, Ic2) within 40 minutes. It look. 100 minutes to 
reach the same color obtained with probes prepared with llcl , llcl, or with Dfc 1 in 20 
seconds. On tins basis, wc estimate that the rate of reaction of the steroid disulfide 
probes with DTT is of the order of 1/300"' that of the other probes. The probe prepared 
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oligonucleotide to gold through rv 



5 In this Example, wo prepared :< non-steroid cyclic disulfide linker unci 




cle probes from this linker and evaluated the probes stability in 
ain'rog solutions relative to probes prepared with steroidal cyclic 



disulfide and alky! thiol linkers. Procedures have been described for preparing probes 
for detecting DNA or RNA sequences by binding oligonucleotides to gold nanoparticles 

10 using alkyltkiol anchor groups. I, Figure « t CA. Minor. « al., Nature, J82, «07 (.WW); 
. SlorholT, et al. J. Am. Chem. Soc., 120. 1959 (1998)] or a steroid cyclic disulfide anchor 
group, II, Figure 44 ;E. L. Lctsinger et al., Bioconjugale Chemistry. 11, 2S9 (2000)1. As 
probes, the conjugates prepared using [he steroid cyclic disulfide linker have proved 
advantageous hi that they are much more stable in the presence of thiol compounds, such 

1 5 as niercaploethanol or ditluothreitol (DIT), than are conjugates prepared using an 

alkylthiol anchor. This feature is important since PCR solutions employed in amplifying 
DNA samples for detection contain small amounts of DTT to protect the enzyme. For 
simple aud rapid detection of PCK. products it is desirable to use probes with high 
stability toward DTT so that the test can bs carried out directly in the PCR solution 

20 wilhout having to first isolate the amplified DNA. 

Two features distinguish the steroid cyclic anchor (compouud I, Figure 42): (1) 
the cyclic disulfide, which can in principle provide two biraling sites that could act 
coopcralivoly In holding a given oligonucleotide at (he gold surface, and <2) the steroid 
unit which could stabi.iM neighboring chains on .he guld by hydrophobic interaction* 

25 (see for example, ft. T.. Letsinger et al., J. Am. Chem. Soc. 115, 7535 (.993). To assess 
the importance of these contributions we have prepared and examined goid conjugates 
anchored by a cyclic disulfide lacking a steroid group, compound nic (Figure 44). 

Compound 2a : prepared by healing irons-l,2-dithianc-4,5-dithiol with acetD. in 

154 
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toluene, ouis convened 10 a cyanoethyl N.tvdi-i-propyl phosphoramiditc 'eagenl, 2b . 

nanoparticlc conjugates were stable in a range of solutions of sodium chloride (0.1, 0.3. 
0.5, 0.7 M). bolh on standing and on freezing and thawing. 

Compounds 2a was prepared as described in Example 23. Phosphinlation of 2a 
10 and synthesis of of oligonucleotides 2c 1 and 2c2 were carried out as described previously 
for the steroid cyclic disulfide derivatives in Example 2.1 and elsewhere ;R L. Letsingcr 
et si., Biocoojugate Chemistry, II, 289 (2000), the disclosure which is incorporated by 

with the oligomer on the CPG support was 10 min. 



and the solution was cenlrifuged to collect the nanoparlicles. The pellets were washed 
with nanopure water, receMrifiiged and rejispeiscd in 0.1 M NaCI, 10 mM phosphate 
buller (pU 7.0), 0.01 % sodium SKide. 

Displacement studies were carried out at room temperature (22°C) by adding 2 |iL 
of 0.1 M DTT to 20 uL Ota mixtcre of equal volumes of the colluidol conjugates 
obtained from 2c] und 2c2. Aliquots (3 uL) were periodically removed and spotted onto 
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21. The method of Claim 20 wlrarir. the firs! type of iiumpanic'cs is attached 
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having at least two portions 
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35. The mclhod uf any one of Claims 23-32 wherein the nanopnnitles are 
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40. The meltrod of Claim 39 wherein the nacoparticlci ace made of gold or silver. 
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44. A method of detecting nucleic acid having at least two portions 



(641) 



JP 2004-501340 A 2004. 1. 15 




(642) 



JP 2004-501340 A 2004. 1.15 




(643) 



JP 2004-501340 A 2004. 1.15 




(644) 



JP 2004-501340 A 2004. 1. 15 




(645) 



JP 2004-501340 A 2004. 1. 15 




172 



(646) 



JP 2004-501340 A 2004. 1. 15 





The meltod of any one of Claims 49-60 
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70. A nrefliml of detecting 



acid having at least wo portions 
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104. The Wt of Claim 103 which comprises additional containers, each holiiins 

25 sequence comprising at least two portions, the first portion being complementary to the 
sequence of the oligonucleotides on the nanoparticlcs and the second portion being 
complementary to the sequence of another portion of the nucleic acid. 
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142. Tho kil of CJnira 141 wherein the oligonucleotides, nonoparticles, 
substrate or all bear functional groups for attachment of the oligonucleotides to the 
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hed to the particles, 

the second container holding particles lit 
Ho which have a sequence complementary to the sequence of a second portion of 



147. The kit of Claim 146 wherein the energy donor and acceptor ai 



he container holding a first type 



complementary to the sequence of a first portion of a nucleic acid, the I 
being labeled with an energy donor oil the ends not attached to the particles, 
type of particles having oligonucleotides attached thereto which have 



The kit of Claim 148 wherein the energy dc 



complementary to t first portion 



portion of the sequence of the nucleic acid. 
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1 63. The kit of Claim l«> further comprising a substrata having oligonucleotides 
•A thereto, the oligonucleotides having; a sequence complementary to a first portion 
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178. Nanomaterials or 



of nanoparticles having 
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FIG.1 



■) (SEQ.IDNO:S] 
"X-C-C-T-T-G-A-G-A-T-T-T-C-C-C-T-C 



G : G-A-A-C-T-C-T-A-A-A-G-G-G-A-G-X' 
[SEQ.IDN0:4] 6 
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FIG. 10 



[SEQIDNO:7] 



HI 5 ' 

W-X-T-C-T-C-C-T-T-C-C-C-T-T-T-T-C 

A-G-A-S-G^-A-Q-O^-A-A-A-A-Q-X^iy 

^ Ss * tcca in urv RT 



3 , T-C-T-C-C-T-T-C-C-C-T-T-T-T-C g 

^tSEQID NO;SJ 



T-C-T-C-C-T-T-G-C-C-T-T-T-T-C 6 . 
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FIG.12A 

mnlemenla 

,0 NO; 12] . 



MP [SEO.I0NO:14] * 

f 2 / ^ 

3'T-C-G-T-A-C-C-A-G-C-T-A-T-C-C T-T-T-G'C-T-G-A-G-A-T-C-G^-G - 
5'A-G-C-A-T-G-G-f<>G-A-T-A-G-G-A-A-AX.G-A-C-T-C-T-A-G-C-G-C 



FIG.12B 



r 

i-T-OC T- 



© 



N [SEQ. ID N 



•T-T-G-C-T-G-A-G-A-T-C-G-C-G ~" 



i f 2 ' ,/ 

3' T-frG-T-A-C-C-A-(3-C-T-A-T-&C T-T-T-G-C-T-G-A-G-A-T-C-G-C-G-' 
S^T^frA-T-A-G-G-A-A-A-C-G-A-C-T-C-T-A-G-C-G-G 

FIG.12E 3 



1 f I 

3'T-C-G-T-A-C-C-A-G-C-T-A-T-C-C 1 VT-T-C-C-T - G-A-G-A-T-C- G-C-G ■ 
5'A-G^-T-G-G-T-C-G-A-T-A-G-G-AS^^Ai£CiAirftiC-G-C 

RG:12D - 



"^[SEQ. ID N0;1( 



I f 2 

3'T-C-G-T-A-C-C-A-G^-T-A-T-C-C T-T-T-G-CT-G-A-G-A-T-C-G-C-G - 
5'A-G-C-A-T-G-G-T-fflG-A-T-A-G-G-A-A-A-C-G-A-C-T-C-T-A-G-C-G-C 

S \sEQ.lDN0:17] .' 

FIG.12F m 

. TWo bp Mismatch J&F 



_ t-T-T-G-C-T-GtA-O-A-T-C-G-C-G -' 
-T-A-G-G-A-A-A-CG-A-C-T-C-T-A-G-C-G-C 
^[SEQ. ID NO; 18] ' 
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FIG15A 

Probes with No Target SEQ ID NO:19 



^^S-ATG-CTC-AAC-TCT TAG-GA<>TTA-CGC-S ^ 

FIG15B 



, SEQ ID NO:21 
5' TAC-GAG-TTG-AGA -GAG-TGC-CCA-CAT 3 1 
S-ATG-CTC-AAC.TCTTAG-GAC-TTA.CQC-S-ga 

FIG15C 1 * . *' . 

Complementary Targat |Tm=S3.5°C | 

. 4 j — SEQ ID NO:22 
S' TAC-GAG-TTG-AGA-ATC-CTQ-AAT-QCa 3' 
^* S-ATG-CTC-AAC-TCT TAG-GAC-TTA-CGC-3 

FIG15D" & . 

ONE Base-Pair Mismatch at Prob« Head [Trr.=5l>,4'C | 
5. ^SEQIDNOlZ3 
5' TAC-G AG-TTG-AG A-ATC-CTG-AAT-GCT 3' 
— x S-ATG-CTC-AAC-TCTTAG-GAG-TTA-CG&S . 



FIG15E \*^r\ 

atProboTall 

— SEQIDN024 



FIG15F 



~y 5-Aia-CIOAAC-TCTTAG-GAC-n A-CGC5 v^r. 

FIG15G 



~SEQIDNO:26 
•A-GGA-CTT-ACG-C-S 
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FIG.19A 
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modified Au oligonucleotide modified 

hanoparticle probes latex probes 




All Au probes pass • Excess Au prob 

through membrane *•*•/.••• pass through 

* membrane 
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The fluorescent nanoparticle probes The fluorescent cross-linked aggregate 
pass through the membrane are retained by the membrane 
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FIG. 23 



Anthrax PCR Product 



Vk CTA TTC CTA TAT K 



sr Anthrax PCR product [SEQ id NO:36] 



AT 3' TTA TAA CTA TTC CTA 



3' CTC OCT AAT AAC AAT 

[SEQ1DN037] |SEQIDNO:38] 



3' C CGC CTA CTC AGT CAT CM TTC CTC CGA GT [SEQ ID N0.39] 

3' A TCT CTT C AT TAA TTA AGC AGT TGT [SEQ ID NO:40] 

3- TAT TCT TTT TAT AAT AGG TCC CAA TAT [SEQ ID NO:41l 

3' AAC ATC TTT AAC TTC TAT GAC TTC CCG AA [SEQ ID NO:421 
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1. W (targel) 
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FIG.28D 
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FIG. 32 

tSEQIDNO:56J 
5' GGA TTA TTG TTA- -AAT ATT GAT AAG GAT 3' J 
H^-CCTANTAACAAT TTA TAA CTA TTC CTA^m^ 
| [SEQIDNO:671 [8EQIDNO:58] <?\ 

= A (complementary), 
G,C,T (mismatched) 
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Figure 38A 
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Figure 38B 
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Rj = hydrogen, an alkyl group, an aryl group, or a substituted ulkyl or aryl group 
R, - an attached oligonucleotide or modified oligonucleotide 
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(nmwn xb-*7, -^i-ax >>x^. 

7*'J*£*B 6 0 2 0 1 YU/^tl x;^Xby y-y5> 2121 7^ 

-h^yh 2i^x-f 
(72)§£fi# x;l/fc7X n/^-h 

7*y*-&*a 6 0 6 5 6 ^y/^tti s^*=r 7x7 h ^t^vy 7^^- sso 

3 7^-M^b 6 02 
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7^U*^RS 6 0 6 2 3 -P;/^#I 7X7 h ^U->U-7 3 36 8 7* 

-y*yv ixx 
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